Introduction
Acute kidney injury (AKI) has been associated with increased morbidity and mortality in HIV-infected patients [1, 2] . The leading causes of AKI in the era before combination antiretroviral therapy (cART) were mainly volume depletion, sepsis and drug-related toxicity due to treatment of opportunistic infections [3, 4] . Nowadays, prerenal azotaemia, acute tubular necrosis, acute interstitial nephritis, urinary obstruction or drug-related nephrotoxicity account for the majority of cases of AKI [5, 6] . Prior renal impairment, lower CD4 cell counts, an AIDS-defining disease, co-infection with hepatitis C virus and liver disease have been reported as risk factors for AKI in HIV-infected individuals [5] . Since cART has dramatically increased life expectancy, aging has become an additional risk factor for AKI as a result of atherosclerosis, metabolic disease, and long-term use of nephrotoxic drugs, in particular tenofovir (TDF) and protease inhibitors [7] . The use of TDF, lopinavir and atazanavir boosted with ritonavir are independent predictors of chronic renal impairment in HIV-infected persons [8] . However, severe acute renal toxicity due to TDF therapy is considered to be uncommon [7, 9] . The aim of this study was to explore AKI Kidney Disease Improving Global Guidelines (KDIGO) stage 2 to 3 in a cohort of treated HIV-infected individuals at a tertiary-care hospital.
Methods

Study design and population
We describe a case-series. The study population consisted of all HIV-infected patients participating in the Swiss HIV Cohort Study (SHCS) at the study site of Basel, Switzerland, who were treated with cART between 2002 and 2013. We excluded patients with chronic kidney failure requiring permanent dialysis. The SHCS, a large prospective cohort study of adult HIVinfected persons is described in detail elsewhere [11] .
Briefly, HIV-infected individuals aged 18 years or older are followed up in seven outpatient clinics of Swiss hospitals and by associated physicians. Basic sociodemographic characteristics, data on the clinical course, hepatitis coinfection, cART, comedication, cardiovascular risk factors, and immunological and virological parameters as well as laboratory values including the serum creatinine are collected at study enrolment and semi-annually thereafter on standardised data collection forms. Clinical data including creatinine values were extracted from the prospective SHCS database, whereas information on pre-existing kidney disease, risk factors for kidney disease [13] and the use of dialysis as well as pathology reports of kidney biopsies were taken by chart review. All cases included in this study were seen and assessed by at least one staff nephrologist.
Definitions
Representative baseline creatinine values were obtained from available laboratory data before onset of acute kidney injury (AKI). AKI was defined as an increase in serum creatinine of ≥26.5 µmol/l within 48 hours, which was known or presumed to have occurred within the prior seven days [10] . Patients were classified as KDIGO stage 2 AKI if serum creatinine was 2.0-2.9 times baseline or as stage 3 AKI if serum creatinine was >3 times baseline or >353.6 µmol/ l, respectively. Estimated glomerular filtration rate (eGFR) was calculated using the Cockroft-Gault formula [12, 14] . We evaluated the causality of the association between TDF-containing cART and onset of AKI according to the following criteria: temporal relation, reversibility of impaired kidney function after discontinuation of the drug, presence of tubulointerstitial proteinuria [15, 16] and acute tubular necrosis in the kidney biopsy [17] . The temporal association was recorded if the patient was receiving a TDF-contaning cART when developing AKI. Reversibility of impaired kidney function was defined as at least twofold increase in eGFR 6 months after severe AKI. Tubulointerstitial proteinuria was defined as urine concentration of either α-1-microglobulin >1.36 mg/mmol creatinine or retinol-binding protein >0.08 mg/mmol creatinine. A probable association was assumed if a patient met three out of the four criteria. Dialysis was considered either as temporary if the duration was less than 1 month or as permanent if duration was more than 1 month. cART was defined as an antiretroviral regimen containing at least three drugs, i.e. two nucleoside/nucleotide reversetranscriptase inhibitors (NRTIs) in combination with either a non-nucleoside reverse-transcriptase inhibitor (NNRTI) or a ritonavir boosted protease inhibitor (PI/r).
Results
At the SHCS site of Basel 1,153 patients were treated with cART from April 2002 to May 2013. Of these, 936 (81%) received a TDF-containing regimen (67% male, 33% female), 630 (54.6%) patients were treated with protease inhibitors, 523 (45.4%) patients with non-nucleoside reverse transcriptase inhibitors. Among 1,153 patients receiving cART, 13 developed AKI KDIGO stage 2 to 3 (1 patient with AKI KDIGO stage 2, 12 patients with stage 3) after a median time of 8 years (interquartile range [IQR] 2-10) of antiretroviral treatment, corresponding to an incidence rate of AKI of 0.8 (95% confidence interval 0.5-1.3) per 1,000 person-years. If only patients receiving a tenofovircontaining regimen were considered, the incidence rate of AKI was 2.8 (95% confidence interval 1.5-5.3) per 1,000 person-years. Baseline characteristics of the study population are presented in table 1. The median age at diagnosis of AKI was 46 years (IQR 40-58), nine patients were male (69%). The median CD4 count at diagnosis of AKI was 366 cells/μl (IQR 197-491), nine patients had previously been diagnosed with an AIDS-defining condition. Ten out of 13 patients were treated with a TDF-containing regimen (table 1 and fig. 1 , patients 1-9 and patient 12). Nine patients (69%) had at least one established renal risk factor such as diabetes mellitus, arterial hypertension or arteriosclerosis. However, only two patients had a known pre-existing kidney disease, one a calcineurin inhibitor-induced renal disorder (patient 8) and the other patient's known kidney disease remained unknown regarding its cause (patient 13). Eleven patients (85%) underwent a kidney biopsy at the time of AKI. In two patients a renal biopsy was not performed either because the clinical picture was rather clear owing to overt Fanconi syndrome (patient no. 4) or because of anticoagulation (patient 6). Five patients were in need of dialysis (three chronic, two temporary). The median eGFR was 87 ml/min (IQR 66-100) at baseline before development of AKI, 13.0 ml/min (IQR 6-17) during AKI, and 47 ml/min (IQR 31-62) 6 months after AKI (calculated for all patients except for patients 11 and 13 who were on chronic dialysis). The median baseline eGFR in the group with a probable association with TDF was 99 ml/min (IQR 87-100) before AKI, 8 ml/min (IQR 5-17) during AKI and 42 ml/min (IQR 26-47) 6 months after cessation of TDF therapy. Fanconi's syndrome was diagnosed in two patients (patients 4 and 5), both with a probable association with TDF therapy, and with the typical findings of urine wasting of solutes, i.e. phosphate, bicarbonate, glucose, low molecular weight proteins and amino
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The individual courses of patients 2, 4, 9 and 10. Dialysis, the presence of tubulointerstitial proteinuria and kidney biopsies are indicated by arrows. 3TC = lamivudine; ABC = abacavir; EVF = efavirenz; ATV/ = atazanavir/ritonavir; d4T = stavudin; DRV/r = darunavir/ritonavir; FTC = emtricitabine; LPV/r = lopinavir/ritonavir; NVP = nevirapine; RGV = raltegravir; TDF = tenofovir disoproxil fumarate;
Original article Swiss Med Wkly. 2015; 145:w14135 acids [9] , reflecting the breakdown of solute transport in proximal tubule. Biopsy results of the two patients are described in figure 1. Among 10 patients exposed to TDF, we identified 6 (patients 1-6) with a probable association between TDF-based therapy and the onset of AKI. The median TDF exposure time before onset of AKI was 41 months (IQR 13-82). Patient number 1 developed AKI after 5 months, the remaining five (patients 2-6) after more than 1 year of drug exposure. Two out of these six patients were in need of temporary dialysis; however, no patient required chronic dialysis because of significantly improved kidney function after discontinuation of TDF. In three additional patients (patients 7-9) exposed to TDF, AKI was considered to have resulted from other factors such as AA amyloidosis, calcineurin inhibitor-induced nephropathy and minimal change glomerulopathy according to results of kidney biopsy. An association with TDF was uncertain for patient number 12, in whom the cause of kidney disease remained unclear. In total, 10 of the 13 patients had complete or partial resolution of impairment of kidney function including two out of five patients who discontinued dialysis.
Clinical course of the individual patients
The individual course of patients 2, 4, 9 and 10 is depicted in figure 1 . The individual course of all 13 patients is described in the text below. Patients 1 to 6 showed a probable association of TDFbased cART with the onset of AKI. None of the patients had a known pre-existing kidney disease. Baseline eGFR was >90 ml/min in four out of the six patients and two had mild impairment of kidney function (patients 2 and 3). In all patients kidney function was severely impaired at the time of AKI with an eGFR below 30 ml/min and a significant improvement 6 months after discontinuation of TDF; however, none had a complete normalisation of eGFR 6 months after TDF was stopped. In four out of the six patients, proteinuria was measured and showed a tubulointerstitial pattern of alpha-1 microglobulin and retinolbinding protein measurements. Results of kidney biopsy from four patients showed acute to subacute tubular damage consistent with TDF-induced AKI [17] . In the two remaining patients, biopsy was omitted owing to either the typical clinical presentation with Fanconi syndrome or anticoagulation. Patients 7, 8 and 9 did not qualify for an association of TDF with the onset of AKI. TDF-exposure might have led to additional impairment of kidney function in patient number 7 with underlying AA amyloidosis due to recurrent cellulitis, as indicated by tubular atrophy and fibrosis in the kidney biopsy. Patient number 8 had underlying calcineurininhibitor-induced nephropathy as a result of the therapy of severe psoriasis. Kidney function deteriorated shortly after TDF exposure, was associated with complete tubulointerstitial proteinuria, and diminished once more after unilateral nephrectomy due to multifocal renal cell cancer. In patient number 9 minimal change glomerulopathy was the underlying kidney pathology. This patient was exposed to TDF at the time of AKI. Histological findings of additional damage to the tubulointerstitial space were absent.
Miliary tuberculosis was the cause of AKI in patient number 10. It completely resolved with antimycobacterial therapy. Seven years later, kidney function declined again owing to hypertensive nephropathy. In patient 11 peritoneal dialysis because had to be started because of HIV-associated focal segmental glomerulosclerosis. Eventually, the patient received a cadaveric kidney transplant. TDF remained part of his antiviral therapy owing to a multiresistant HIV-strain. Patient number 12 demonstrates AKI with underlying chronic kidney failure due to interstitial nephritis of unknown origin. The association with TDF exposure is uncertain. There is a correlation between the drug exposure and worsening of kidney function, and biopsy results were compatible with interstitial nephritis. Biopsy results of patient 13 showed chronic interstitial nephritis and tubular atrophy. The cause of the chronic kidney failure is not understood. This patient now is on chronic dialysis.
Discussion
In our study, involving 1,153 HIV-infected individuals receiving cART, 13 patients developed AKI KDIGO stage 2 to 3 under treatment. About one-half of the cases were associated with a TDF-containing regimen. Of note, twothirds of patients with AKI had cardiovascular risk factors, i.e. diabetes mellitus, arterial hypertension or arteriosclerosis. Interestingly, patients usually developed renal disease after more than 1 year of TDF exposure, making prediction of AKI very difficult. Kidney function significantly improved in all patients in whom TDF played a major role 6 months after drug discontinuation, indicating at least a partial reversibility. TDF has a relatively good renal safety profile and serious adverse events have been reported in fewer than 1% of treated patients and creatinine elevations above AKI KDIGO stage 2 (data of expanded acces programme) in 2% of patients [18] . The D:A:D observational study recently demonstrated that ritonavir-boosted protease inhibitors, i.e. atazanavir and lopinavir, are also independently associated with impaired renal function in patients receiving cART [8] . Despite regular monitoring of SHCS patients, treating physicians were obviously unable to predict and thereby prevent AKI. The cause for this lack of assessment is possibly given by the very wide time range of onset of AKI after TDF exposure of up to 9 years. However, it is possible that other patients have been discontinued from TDF when AKI was imminent. Measurement of tubulointerstitial proteinuria in the form of either retinol binding protein, beta-2 microglobulin or alpha-1 microglobulin [15, 16] might be a useful screening tool for TDF-induced kidney tubulopathy, but its ability to predict AKI remains to be validated in larger studies. In our study we could show that the involvement of a team of infectious disease physicians, nephrologists and pathologist could adequately diagnose and treat AKI in the majority of cases. This interdisciplinary effort might be necessary for a successful management of AKI. Our study has several strengths. We investigated the incidence and risk factors of severe AKI in the setting of a prospective cohort study with a systematic long-term follow-up. Importantly the cause of AKI was assessed by a nephrologist and kidney biopsy was performed in most patients, leading to an accurate evaluation of the underlying kidney disease. Misclassification of the effect of TDF was therefore minimised. We acknowledge some limitations. Data on proteinuria prior to AKI were not available in all patients and dip-stick urine tests performed every 6 months within the SHCS detect albuminuria only. The risk of AKI might have been underestimated, as 50 out of 936 (5.3%) patients using TDF had switched their cART regimen because of mild impaired renal function before severe AKI may have developed. Also, we cannot rule out that protease inhibitors contributed to the occurrence of AKI, however, 10 out of 13 patients continued cART with a protease inhibitor treatment which makes an essential contribution unlikely. Finally, the level of causative association is very difficult to assess even with a detailed case history.
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In conclusion, the incidence of AKI was associated with TDF-containing cART in our study and may occur without pre-existing renal disease even after a longer drug exposure. Impairment of kidney function is at least partially reversible after discontinuation of TDF in most patients. Close renal monitoring and individual risk assessment are warranted in HIV-infected individuals treated with TDF, in particular with cardiovascular risk factors.
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